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Abstract 
In this paper we report the detection of explosive compounds using a miniaturized gas preconcentrator (μGP) made of porous 
silicon (PS) filled in with Carbopack B as an adsorbent material. The μGP includes also a platinum heater patterned at the 
backside and fluidic connectors sealed on the glass cover. Our μGP is designed and optimized through fluidic and thermal 
simulations for meeting the requirements of trace explosives detection. The thermal mass of the device was minimized while the 
flow rate was maximized for a reduced cycle time. A detection limit below 200ppb of 2, 4-dinitrotoluene (DNT) was 
demonstrated with our Carbopack-PS μGP. 
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1. Introduction 
The integration of micro-preconcentrators within handheld detectors has become standard for balancing the 
negative impact of the miniaturization on the sensitivity and selectivity of conventional analytical methods. Indeed, 
the preconcentrator acts as a “concentration amplifier” by trapping in relatively long time (up to min) and releasing 
in few seconds the target compound and thus enriching its concentration. The optimization of the design of the 
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micro-device and of the experimental parameters is of importance for maximizing the “amplifying effect” of the 
preconcentrator. In summary, a high adsorption flow rate, a low desorption flow rate, a relatively long adsorption 
time and a very short desorption time are required [1, 2].  
Besides the optimization of the adsorption-desorption parameters, the performance of the preconcentrator relies also 
on an optimum choice of the adsorbent material. This choice depends on the type of application and the nature of the 
gases to be detected [3, 4]. In the case of explosives detection, we are dealing with compounds having very low 
vapor pressures and concomitantly high adhesion energies which require high desorption temperatures and thus large 
power consumption. A severe drawback of high desorption temperatures is also the unavoidable decomposition of 
the accumulated target compounds and the ensuing difficulties in the compound identification in the final detection 
step. Therefore, adequate adsorbent materials must possess high internal surface area and low bonding energy 
toward explosive compounds. With these requirements in mind, the combination Carbopack-PS seems to be a very 
promising couple substrate-adsorbent. Indeed, as we have previously reported, PS allows reducing the desorption 
temperature of the couple adsorbent/adsorbed compound [1]. As a structural material, PS can be easily inserted into 
silicon micro-fluidic devices directly during their processing. 
In previous communications, we reported the development of a μGP for pollution monitoring [1, 2]. Here, we 
address the detection of 2, 4-dinitrotoluene with a Carbopack-PS μGP. The couple Carbopack-PS eases the 
desorption of DNT compounds and increases the “amplifying effect” of the μGP by offering supplementary 
adsorption sites through the PS pores. 
2. Implementation of PS μGPs 
2.1. Design and fabrication 
Our μGPs are microchannels on a silicon chip with a square shape of 11x11mm2. They consist in one or two 
interconnected channels with a depth of 150μm and a width of 500μm. The “mono serpentine” design (made with 
one channel) is suitable for adsorbents having low adsorption capacity for which a longer residence time is 
preferable, whereas the “bi-serpentine” is more adequate for adsorbents with high adsorption capacity for which a 
long residence time is not really necessary (Fig.1a). Microchannels are then sealed with a glass cap on which are 
fixed the metallic capillaries used as fluidic connection. Compared to our previous designs [1, 2], the interest of 
having the fluidic connections on the glass cover is that there is no limitation on the capillary size since inlet/outlet 
are not dipped into the silicon wafer (Fig.1b). Our micro-devices include also a platinum micro-heater patterned on 
the backside by clean-room process (Lift-off).  
 
a)   b)  
Fig. 1: a) Picture of two silicon μGPs in mono and bi-serpentine designs b) 3D Image of our new design of μGPs in bi-serpentine design with 
connected capillaried onto the cover  
 
Prior the sealing of the glass cover, the silicon pores were grown within the microchannels by anodic etching in a 
bath of HF (50%) and EtOH in a ratio of 1:1. The size, shape and depth of pores depend on several parameters such 
as the doping and the resistivity of the wafer, the applied current density and the etching time [1]. In this study, 
525um thick n-type silicon wafers with resistivity of 5Ω.cm were used to generate macroporous silicon. To obtain a 
pore depth of about 100μm, the current density and the etching time were fixed at 80mA/cm2 and 20min, 
respectively. Since the growth of the pores is conical, a few micrometers of silicon was etched by reactive ion 
etching (RIE) in order to open these pores (Fig. 2). 
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a)   b)  
Fig. 2: SEM Image of a PS μGP: a) top view of the outlet channels and b) magnified view of the pores within channels. 
2.2. Implementation 
The implementation of the PS μGP consists in setting up the electric and fluidic connections and inserting the 
adsorbent material into microchannels. The electric connection of the patterned heater was made with gold wires 
and the heating element obtained with this process allows a fast heating rate of 60°C/s (Fig.3a). Two different 
methods were used for filling μGPs with Carbopack B: either by fluidic solution after the sealing of the glass cover 
or in a granular form before its sealing (Fig.3b).  
 
a)   b)   c)  
Fig.3: Pictures of a) a Pt heater on the backside of our μGP b) a μGP in bi-serpentine design filled with Carbopack B and bonded with a glass 
cover and ) a μGP in bi-serpentine design with sealed capillaries at the glass cover.  
 
Once the devices filled with Carbopack, the fluidic connections were made with metallic capillaries (ID = 
500um) and fixed with a ceramic cement using a special procedure so as not to block connectors during the sealing 
(Fig.3c). The combination of large capillaries and deep etched microchannels allows reaching flow rates up to 
330mL/min. 
3. Results and discussion 
Our test bench is composed of a gas generator (Owlstone Nanotech) using permeation tubes, mass flow-meters 
and a climatic chamber containing the preconcentrator device and the detection system. The climatic chamber is 
maintained at 40°C to avoid any condensation between the μGP and the detector. The preconcentration experiments 
consist first in injecting through the μGP 200ppb of DNT during 5 minutes at a flow rate of 167mL/min. This step is 
followed by its desorption at 250°C with a heating rate of 60°C/s. The DNT compound is desorbed and brought into 
the detector at constant flow rate of 167 mL/min. 
The results obtained with our newly designed PS μGPs filled with Carbopack B have demonstrated a better 
desorption of the DNT compound in contrast to our previous μGPs tested in the same operating conditions (Fig.4). 
Furthermore, experiments realized with our μGPs have also shown a higher desorption peak with the combination 
Carbopack-PS in opposition to non-porous μGPs filled with the same amount of Carbopack and to PS μGPs free of 
adsorbent too (Fig.5). 
In fine, PS substrate presents the main advantage of increasing the adsorption capacity of the μGP by offering 
supplementary adsorption sites through its pores and by acting as a binding surface for the Carbopack particles. It 
also eases the desorption of DNT from the Carbopack adsorbent by reducing its desorption temperature. 
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Fig. 4: DNT desorption peak after an adsorption of 200ppb@5min in our old (left) and new (right) designs of PS μ-GP filled with Carbopack B 
with adsorption and desorption flow rates of 167mL/min. 
 
 
Fig. 5: Comparison of different adsorbents (PS and Carbopack B separately and in combination) towards DNT: Desorption peaks obtained after 
an adsorption of 200ppb@5min with adsorption and desorption flow rates of 167mL/min. 
4. Conclusions and Perspectives 
A porous silicon micro gas preconcentrator filled with Carbopack B has been implemented and successfully 
tested for the detection of explosives. The significant impact of the couple Carbopack-Porous silicon on the 
preconcentration of explosives has also been demonstrated. 
We are currently focusing of the improvement of this μGP by using different PS substrates from micro to macro-
PS and also by optimizing experimental parameters for shortening the detection duty cycle.  
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